Abbreviations & Acronyms ROC = receiver operating characteristic TIP = tubularized incised plate UC = urethroplasty complications U/G = width proportion of the urethral plate to the glans Objectives: To find a new appropriate evaluation for urethral plate quality in hypospadias repair, with particular interest in the width proportion of the urethral plate to the glans, serving as an appraisal index. Methods: Data were prospectively collected from prepubertal boys who underwent primary tubularized incised plate hypospadias repair between January 2014 and April 2016 in one center. Intrinsic parameters of the penis (meatal location, glans width, urethral plate width and curvature degree) were measured during the operation. Urethroplasty complications were recorded during follow up. The correlation between width proportion of the urethral plate to the glans and urethroplasty complications was analyzed.
Introduction
TIP is a prevalent procedure for distal and proximal hypospadias repair without severe chordee. [1] [2] [3] [4] This procedure is more dependent on urethral plate quality in comparison with other surgical procedures. The plate quality is generally regarded as one of the intrinsic risk factors influencing the outcomes of hypospadias repairs. However, there is currently no clear agreement on the evaluation of the urethral plate. 5 Holland et al. evaluated the urethral plate by both groove depth and width, and analyzed their impacts on subsequent surgical outcomes. 6 The urethral plate width was classified based on an arbitrary 8-mm cut-off value, while groove depth was graded as deep, moderate and shallow. However, is the arbitrary value of 8 mm suitable for all penis sizes? Generally, urethral plate width increases with penis size, as the patient grows. It might be more appropriate to evaluate urethral plate quality with a parameter scaled with penis size. In recent years, Glans-Urethral Meatus-Shaft score was proposed to classify the severity of hypospadias, providing a concise method for evaluating urethral plate quality. 7, 8 This method is indeed suitable for all, but is subjective and not sufficiently precise. Therefore, it appears necessary to set up an appropriate method for evaluating urethral plate quality objectively and accurately, regardless of penis size. In recent years we used a new method for evaluating the plate in a large cohort who underwent primary TIP repair. The urethral plate quality was evaluated in terms of U/G, and subsequent surgical outcomes were analyzed.
Methods
Data were collected prospectively from prepubertal boys who underwent primary TIP hypospadias repair between January 2014 and April 2016, including demographics, intrinsic parameters of the penis and subsequent surgical outcomes. Under artificial erection, intrinsic parameters of the penis were evaluated using the following details: (i) meatal location (position at the beginning of urethroplasty, after "cut-back" of the meatus to a more proximal location until the overlying shaft skin can be dissected from the urethra): distal (glanular, sub-coronal and distal penile), midshaft and proximal (proximal penile and more severe); (ii) glans width (maximum glans diameter after retraction of the foreskin ; Fig. 1a) ; (iii) urethral plate width (the narrowest place when the urethral plate was horizontally stretched to be flat ; Fig. 1b) ; and (iv) ventral curvature (after degloving and ventral dartos dissection). Approval of the ethical committee was previously obtained.
Surgical decision-making, repairs used, suture materials and the measurement method of intrinsic penile parameters were standardized between six surgeons who had at least 10 years' experience in pediatric urology. A few patients who received preoperative hormone therapy had been previously excluded from the cohort. All patients underwent primary TIP repair with either no curvature or mild ventral curvature (ventral curvature <30°after degloving and ventral dartos dissection), which was described previously by Snodgrass. 9, 10 The key points of the procedures are described in more detail as follows. After degloving and ventral dartos dissection, ventral curvature (10-30°) was corrected by dorsal midline plication using 5-0 polypropylene. Urethroplasty was carried out in two subepithelial layers using 7-0 polydioxanone, the first with a running suture and the second with an interrupted suture. The neourethra was covered with a double dartos flap harvested from dorsal preputial skin. After extensive dissection of the glans wing and urethroplasty, glansplasty was carried out using 6-0 polydioxanone. A one-layer interrupted subepithelial suture to approximated glans wings without tension, and subsequently a one-layer interrupted epithelial suture to reinforce the internal layer were used. A silicone Foley catheter provided urinary drainage for all patients. The catheter was chosen in as large size as possible for tubularization without tension, ranging from 6-Fr to 10-Fr in size and 7-10 days in duration.
Routine follow up for all patients included assessment in the clinic at 6 weeks and 6 months postoperatively, and continuing annual telephone interview. Further assessment in the clinic was carried out when suspicion of complications arose from telephone interviews. UC were defined as the presence of any one or more of the following at any time during follow up: fistula, dehiscence, urethral stricture, meatal stenosis and recurrent ventral curvature. Meatal stenosis or urethral stricture was diagnosed by both obstructive voiding symptoms and further calibration <8-Fr in infants, or <10-Fr in older boys. According to outcomes after TIP repair, patients were divided into two groups: the UC group and No UC group.
Univariate analysis of potential risk factors for UC after TIP repair were analyzed by the t-test or v 2 -test. Correlations between U/G and each intrinsic parameter of the penis were analyzed by Pearson correlation analysis or variance analysis. The parameter of interest, U/G, was further analyzed by ROC analysis. Binary logistic regression was used to estimate the adjusted odds of UC with potential factors included in the model. The level of statistical significance was prospectively determined to be P < 0.05. All analyses were carried out using the SPSS software, version 20 (SPSS, Chicago, IL, USA). 
Results
Primary TIP repairs were carried out in 442 patients at a mean age of 2.8 years (range 0.5-12 years). Data of the intrinsic parameters of the penis were obtained for all patients. Meatal location was distal in 157 (35.5%), midshaft in 214 (48.4%) and proximal in 71 (16.1%) patients. Glans size was normally distributed with a mean of 13.9 mm (range 9-24 mm), whereas urethral plate width was normally distributed with a mean of 5.3 mm (range 2-12 mm). A total of 90.7% of urethral plates measured <8 mm. U/G ranged from 0.18 to 0.73, with a mean of 0.39. Bivariate correlation analysis showed that urethral plate width had a good linear relationship with glans width (Pearson correlation coefficient 0.648, P < 0.001). On the contrary, U/G was weakly correlated to glans width (Pearson correlation coefficient À0.09, P = 0.049). One-way ANOVA of urethral plate width and U/G between different meatal location is shown in Table 1 . There was statistical difference in urethral plate width according to meatal location (P < 0.001). On the contrary, U/G was similar in different meatal location (P = 0.39).
At a mean follow up of 26 months (range 12-38 months), UC was recorded in 59 patients (13.3%) (48 fistula, 9 dehiscence, 1 urethral stricture, 2 meatal stenosis and 6 recurrent ventral curvature, some patients suffered two or more complications). UC incidence was 4.5% (7/157) in distal, 16.4% (35/214) in midshaft and 23.9% (17/71) in proximal. Univariate analysis of potential risk factors for UC is shown in Table 2 . Meatal location, urethral plate width and U/G were all statistically related to UC (P < 0.001).
ROC analysis was used to determine the value of U/G for prospection of UC, with area under the curves of 0.713. According to the Youden index, the cut-off value of U/G was determined to be 0.36. Accordingly, urethral plate quality was classified into two groups: U/G >0.36 (254/442, 57.5%) and U/ G ≤0.36 (188/442, 42.5%). Based on the cut-off value of 0.36, UC incidence was 6.7% (17/254) in U/G >0.36 and 22.3% (42/ 188) in U/G ≤0.36. Potential risk factors for UC, including age at surgery, meatal location, glans width, ventral curvature and U/G were further analyzed by binary logistic regression analysis (Table 3) . Compared with the distal meatal location, the midshaft showed increased odds of 4.828-fold (95% CI 2.017-11.560, P < 0.001) risk of UC, whereas proximal showed increased odds of 8.710-fold (95% CI 3.118-24.332, P < 0.001) risk of UC. Compared with U/G >0.36, U/G ≤0.36 showed increased odds 4.819-fold (95% CI 2.548-9.112, P < 0.001) risk of UC. Age at surgery, glans width and ventral curvature did not relate to UC. 
Discussion
It seems more appropriate to explore urethral plate quality based on TIP hypospadias repair compared with other surgical procedures. Nevertheless, many technical modifications had improved the outcomes of TIP repair, such as more appropriate barrier layers coverage on the neourethra to decrease fistula, 11 and a more extensive dissection of the glans wing to decrease UC. 12 So we combined our previous experience and literature survey to set up prospective data collection with standardized management and evaluation protocol for patients that underwent TIP repair, and periodically analyzed the data in the past few years rather than ≥10 years. The method was consistent with the 3Ps (Prospective data collection, Periodic review of personal outcomes and Practice changes) suggested by Snodgrass. 13 To our knowledge, this is the first study to discuss U/G as an appraisal index of urethral plate quality in hypospadias repair. Our interest in U/G developed from the original idea of accurate urethral plate evaluation with less influence by penis size. Previously, penis size was not taken into account when the 8-mm cut-off value of urethral plate width was proposed by Holland. 6 Penis size can be evaluated by glans width and, obviously, increases with age. The mean glans width of 13.9 mm in the present study was smaller than that of 15 mm reported by Bush and Faasse, although the mean age was greater than theirs.
12,14 Therefore, penis size can vary across geographic regions or ethnicities in addition to age. The mean urethral plate width of 5.3 mm in the present study, similar to 6 mm reported by Snodgrass, 15 was remarkably smaller than that of 8 mm reported by Sarhan. 16 Meanwhile, 90.7% of urethral plates measured <8 mm in the present study, similar to 86% reported by Snodgrass, 15 but remarkably higher than 37.5% reported by Holland 6 and 48.8% reported by Sarhan. 16 Thus, the classification of urethral plate width based on an 8-mm cut-off value, irrespective of penis size, was not reasonable to be generally applicable. Furthermore, the present data showed that urethral plate width had a good linear relationship with glans width. On the contrary, U/G was weakly correlated to wider glans. From the above, there was extraordinary superiority of U/G -a parameter scale with penis size -in urethral plate evaluation compared with urethral plate width.
In 2013, a concise method for evaluating urethral plate quality based on subjective judgment was proposed by Merriman, which had the advantage of being minimally affected by penis size. 7, 8 However, the subjectivity means that it is not precise enough for evaluating such an important element for hypospadias. Indeed, previously, the method had been thought to lack agreement on subjectivity, irrespective of the level of the defect or surgeon experience. 17 Meatal location was a remarkably unanimous factor influencing outcomes in hypospadias surgery. 18, 19 The present data showed that glans width was significantly correlated to meatal location, but U/G was not. That further supported the superiority of U/G in urethral plate evaluation compared with urethral plate width. In addition, there is widespread agreement on evaluating the extent of urethral defect by meatal location rather than neourethra length. Meatal location can be regarded as the proportion of neourethra length to penis size. Similarly, U/G can be regarded as a proportion of urethral plate width to penis size.
The present urethral plate evaluation takes no account of urethral plate groove depth. There is still a lack of consensus on its impact on UC after TIP repair. Two studies by Holland 6 and Mosharafa 20 agreed that complications after TIP repair were related to urethral plate groove depth, but others did not. 9, 16, 21 In the present study, the urethral plate was horizontally stretched to be flat and then width was measured, which was less influenced by groove depth. The measurement method of glans width and urethral plate width had been unified in a previous surgical procedure, and ensured that there were very few large-scale differences in the results between surgeons. In addition, it is acceptable that there are certain differences and deviations in observed values regardless of either measurement method. Previously, glans width was measured with paired measurements using a ruler versus calipers, and measurements in two groups showed good correlation, which might be similar to urethral plate width. 22 U/G, in relative terms of urethral plate width and glans width, might have less error under certain measurement methods compared with that of urethral plate width alone.
ROC analysis showed the value of U/G for prospection of UC, and identified the cut-off value of U/G as 0.36. Reasonably, 42.5% of U/G ≤0.36 were classified as "unhealthy urethral plate" in the present study. Further binary logistic regression analysis confirmed the impact of U/G and meatal location on UC after TIP repair. Given the higher UC incidence of 22.3% in U/G ≤0.36, it might be necessary to reconsider the limitation of TIP procedures in patients with an unhealthy urethral plate. Subsequently, other urethral plate preserving procedures might be more suitable in these patients, such as transverse island flap onlay or TIP with inlay grafting relying less on urethral plate quality. 23, 24 Further randomized controlled trials of these urethral plate preserving procedures is imperative in hypospadias patients with U/G ≤0.36.
In conclusion, the present study highlights the value of U/ G in regard to objectivity and accuracy in urethral plate evaluation, which in turn serves as an independent factor influencing outcomes in TIP repair.
